(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 235 230 A2 

EUROPEAN PATENT APPLICATION 



D£)t^ nf ni ihlir*atinn* 

(21) Applbation number: 01308023.9 

(22) Date of fifing: 20.09.2001 


(51) Intel/: Gi iC iD/oO, Q11C 16/24, 
G11C 16/10 


(84) Designated Contracting States: 


(72) Inventor: Lee, Yeong-Tael( 


AT BE CH CY DE DK ES Fl FR GB GR IE ITU LU 


Songpa-Gu, Seoul (KR) 


MC NL PT SE TR 


Designated Extension States: 


(74) Representative: Mounteney, Simon Jannes 


AL LT LV MK RO SI 


MARKS & CLERK, 




57-60 Lincoln's Inn Fields 


(30) Priority: 22.02.2001 US 791473 


London WC2A 3LS (GB) 


(71) Applicant: SAMSUNG ELECTRONICS CO., LTD. 




Suwon-Clty, Kyungkt-do (KR) 





CM 
< 

O 
CO 
CM 

m 

CO 
CM 



(54) Bit line precharge and discharge circuit for programming non-volatile memory 



(57) A N AND EEPROM having a shielded bit line ar- 
chitecture reduces supply voltage and ground noise re- 
sulting from charging or discharging bit lines. The EEP- 
ROM has a PMOS pull-up transistor and an NMOS pull 
down transistor connected to a virtual power node. A 
control circuit for charging or discharging bit lines con- 
trols the gate voltage of the PMOS or NMOS transistor 
to limit peak current when charging or discharging bit 
lines via the virtual power node. In particular, the control 
circuit operates the PMOS or NMOS transistor in a non- 
saturation mode to limit current. One such control circuit 
creates a current mirror or applies a reference voltage 
to control gate voltages. A programming method sets 
up bit lines by pre-charging unselected bit lines via the 
PMOS pull-up transistor having controlled gate voltage 
while latches in the programming circuitry charge or dis- 
charge selected bit lines according to respective data 
bits being stored. Another bit line setup includes two 
stages. A first stage pre-charges all bit lines via PMOS 
pull-up, and the second stage uses the latches to dis- 
charge or leave charged the selected bit lines depend- 
ing on respective data bits being stored. The gate volt- 
ages of NMOS transistors In the programming circuitry 
can be controlled to reduce noise caused by discharging 
selected bit lines through the latches. 
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Description 
BACKGROUND 
Field of the Invention 

[0001] This invention relates to nonvolatile semicon- 
ductor memory devices and write or programming proc- 
esses for nonvolatile semiconductor memory devices. 

Description of Related Art 

[0002] EEPROMs, unlike many otiier nonvolatile 
memories, can electrically erase old data and write new 
data. This flexibility in data management malces EEP- 
ROMs the preferred nonvolatile memory in system pro- 
gramming, where data may be refreshed and must be 
available when a system powers up. 
[0003] A conventional memory cell in an EEPROM in- 
cludes an N-channel cell transistor, which has a floating 
gate over a channel region defined between N+ source 
and drain in a P-type substrate, and a control gate over- 
lying the floating gate. The floating and control gates are 
made out of a conductive material such as polysilicon, 
a sillcide, or a metal, and insulation layers are between 
the control and floating gates, and between the floating 
gate and the channel region. 

[0004] In flash EEPROM, a common mechanism for 
erasing and programming memory cells is Fowler-Nor- 
dhiem (F-N) tunneling. F-N tunneling changes the 
threshold voltage of a cell transistor by changing the 
amount of charge trapped on the floating gate of the cell 
transistor. For example, an exemplary erase operation 
applies a high voltage to a substrate while applying a 
low or negative voltage to the control gate of an N-chan- 
nel cell transistor. The floating gate, which is between 
the control gate and the substrate, has a voltage that 
depends on the net charge trapped on the floating gate, 
the capacitance between the control gate and the float- 
ing gate, and the capacitance between the floating gate 
and the substrate. If the voltage difference between the 
floating gate and the substrate is larger than a voltage 
gap required for the F-N tunneling, electrons held in the 
floating gate tunnel from the floating gate into the sub- 
strate. The tunneling of the electrons from the floating 
gate to the substrate lowers the threshold voltage Vt of 
the cell transistor. 

[0005] When the threshold voltage Vt is sufficiently 
low, the cell transistor conducts a channel current when 
OV is applied to the control gate and source of the cell 
transistor and a positive voltage is applied to drain of 
the cell transistor. A cell transistor having this lowered 
threshold voltage is referred to as an "erased cell" or as 
being in an "erased state," which represents data value 

[0006] In an exemplary programming operation that 
writes a data value "0" into a cell transistor, a low voltage 
(e.g., OV) is applied to the source and drain of the cell 



transistor, and a high voltage (often more that 1 0V) is 
applied to the control gate of the cell transistor In re- 
sponse, an inversion layer fonns in a channel region un- 
derthe floating gate. This channel region (i.e., the inver- 
5 sion layer) has the same voltage (OV) as the source and 
drain. When a voltage difference between the floating 
gate and the channel voltage becomes high enough to 
cause the F-N tunneling, electrons tunnel to the floating 
gate from the channel region, thereby increasing the 
10 threshold voltage of the cell transistor. A programming 
operation raises the threshold voltage of a cell transistor 
high enough to prevent channel current through the cell 
transistor when a positive read voltage is applied to the 
control gate, the source is grounded, and a positive volt- 
es age is applied to drain. A cell transistor having the raised 
threshold voltage is referred to as a "programmed cell" 
or as being in a "programmed state," which represents 
data value "0". 

[0007] EEPROMs can also achieve the high integra- 
te tlon densities necessary for an inexpensive non-volatile 
memory. In particular, flash EEPROMs achieve high in- 
tegration density that is adaptable to large capacity sub- 
sidiary storage elements, and more specifically, NAND- 
type flash EEPROMs provide higher integration densi- 
25 ties than do the other well-known types of EEPROM (e. 
g., NOR or AND type EEPROM). 
[0008] A convention NAND-type EEPROM includes a 
cell array containing NAND strings, where each NAND 
string includes a set of cell transistors connected in se- 
30 ries. Fig. 1 shows a conventional NAND-type flash EEP- 
ROM 100 including a cell an-ay 110 containing multiple 
NAND strings 112. In cell array 110, each NAND string 
112 includes a first select transistor ST, M+1 (e.g., 16) 
cell transistors MO to MM, and a.second select transistor 
35 GT connected in series. Each first selection transjstor 
ST has a drain connected to a con^esponding bit line. 
Generally, all NAND strings in a column of cell array 1 1 0 
share the same bit line. The second selection transistor 
GT in each NAND has a source connected to a common 
40 source line CSL for the sector containing the NAND 
string. Gates of the first and second selection transistors 
in a row of NAND strings 112 are respectively coupled 
to a string selection line SSL and a ground selection line 
GSL corresponding to the row. Each word line in cell 
45 array 110 connects to the control gates of all cell tran- 
sistors in a corresponding row of cell an-ay 110. 
[0009] NAND-type flash memory 1 00 further includes 
a page buffer including latch circuits 130, sense circuits 
(not shown), and a Y or column decoder (Y pass gates 
50 1 40). The sense circuits sense the states of selected bit 
lines to generate output data during a read operation. 
Latch circuits 130 control the voltages of selected bit 
lines for a write operation as described further below. 
An X or row decoder (not shown) activates a string se- 
55 lection line to select a row of NAND strings 112 and a 
word line that is coupled to the control gates of the cell 
transistors to be accessed. For reasons described fur- 
ther below, switching transistors 126 and 122e or 122o 
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connect either the even numbered bit lines or the odd 
nunnbered bit lines to the sense circuits or latch circuits 
1 30. Y pass gates 1 40 control and select data input/out- 
put of sense and latch circuits. 

[0010] In array 110, a page includes a set of the cell 
transistors coupled to a word line associated with the 
page, and a block or sector is a group of pages. A block 
can include one or nnore NAND strings 112 per bit line. 
Typically, a read or write operation sinnultaneously reads 
or progranns and entire page of mennory cells, and an 
erase operation erases an entire block or sector. 
[0011] To program a selected memory cell M1 In 
NAND flash memory 1 00, a bit line BLO assigned to the 
memory string 112 including a selected memory cell Ml 
is biased to OV. The string selection line SSL for the 
NAND string 112 containing the selected memory cell 
M1 Is biased to the supply voltage Vcc to turn on the first 
selection transistor ST, and the ground selection line 
GSL is biased to OV totum off the second selection tran- 
sistor GT. The word line WL1 connected to the control 
gate of the selected memory cell Ml is biased to a high 
voltage. Capacitive coupling between the control gate 
and the floating gate raises the floating gate to a voltage 
near the high voltage. In response to the voltage differ- 
ence between the channel region and the floating gate 
In the selected memory cell M1 , electrons from the chan- 
nel region tunnel into the floating gate of the selected 
memory cell, thereby increasing the threshold voltage 
of the selected memory cell Ml to a positive level. 
[0012] All control gates of memory cells Included in 
the selected page are at the high voltage for a write op- 
eration. However, the page typically includes memory 
cells that will be programmed to store bit value "0" and 
other memory cells to be left In the erased state (I.e., 
are not programmed) and represent data value "1". To 
avoid programming a memory cell in the same page as 
memory cells being programmed, the channel voltage 
of the memory cell is boosted to reduce the voltage gap 
between the floating gate and the channel region. The 
lower voltage gap prevents significant F-N tunneling and 
keeps the memory cell in the erased state while other 
memory ceils in the same page are programmed. 
[001 3] One useful technique for selectively Increasing 
a channel voltage of a memory cell Is often called "self- 
boosting". During self-boosting, the capacitive coupling 
between the floating gate and the channel region in- 
creases the channel voltage of a memory cell as the 
word line and floating gate voltages Increase. Addition- 
ally, a corresponding bit line (i.e., a bit line not connected 
to a cell being programmed) and string selection line 
SSL are at a power supply voltage Vcc. Word lines other 
than the selected word line are at a voltage Vpass that 
is in a range between the control gate voltage required 
to turn on a memory cell and a voltage high enough to 
cause programming. With this biasing, the string selec- 
tion transistor, which has a gate at supply voltage Vcc, 
turns off when the channel voltage of a cell transistor in 
the corresponding string reaches a voltage Vcc-Vth 



where Vth is the threshold voltage of the string selection 
transistor. The channel voltage can further rise from the 
Vcc-Vth to higher levels along the word line at the pro- 
gramming voltage. 
s [0014] Before programming, a "bit line setup" pre- 
charges to OV the bit lines for the selected memory cells 
to be programmed and pre-charges to supply voltage 
Vcc the bft lines not connected to a memory cell to be 
programmed. After programming, all of bit lines are dis- 

10 charged to OV during a "bit line discharge". 

[0015] Recent NAND flash EEPROM chips use more 
dense design rules (e.g., closer line spacing) to achieve 
higher levels of integration. The increased density in- 
creases the coupling capacitance between adjacent 

IS conductive lines such as bit lines. The larger coupling 
capacitance between adjacent bit lines makes malfunc- 
tions more likely when adjacent bit lines are charged for 
writing different data values. In particular, a bit line at OV 
can pull down the voltage of a neighboring bit line in- 

20 tended to be at supply voltage Vcc, and the write oper- 
ation can disturb or program the threshold voltage of an 
cell transistor that was intended to remain erased. 
[001 6] One proposal for overcoming the problems as- 
sociated with the bit line couplings is to have adjacent 

25 bit lines coupled to memory cells In different pages. Ac- 
cordingly, in this architecture, which is said to employ 
"shielded bit lines", sense amplifiers and latch circuits 
130 are only available for half of the bit lines and page 
selection transistors 1 22e and 1 22o select a page (even 

30 or odd bit lines) for a read or programming operation. 
Reading or programming is still performed in the unit of 
a page, but an unselected bit line acts as a shield be- 
tween adjacent bit lines that are in the selected page. 
Accordingly, the influence between selected bit lines is 

35 greatly reduced. 

[0017] However, program inhibition in the shielded bit 
line architecture charges bit lines assigned to a non-se- 
lected page (hereinafter referred to as "shielded bit 
lines") and bit lines connected to memory cell that are 

40 in a selected page but not to be programmed. A page 
buffer 1 35 can charge bit lines in the selected page to 
supply voltage Vcc or OV according to corresponding 
data bits held In corresponding latch circuits 1 30. Charg- 
ing the shielded bit lines up to supply voltage Vcc re- 

"^5 quires additional circuitry because page buffers 1 30 are 
required for the access of the selected page. 
[0018] Memory 100 of Fig. 1 includes a conventional 
circuit that perfomris the bit line setup and discharging. 
As shown in Fig. 1 , drains of MOSFETs 102e and 102o 

50 act as connecting circuits that connect respective even 
and odd bit lines to a virtual power node VIRPWR. 
Sources of the MOSFETs 150e and 150o connect in 
common to node VIRPWR, and an inverter 1 04 charges 
node VIRPWR to supply voltage Vcc during a bit line 

55 setup and to ground (OV) when all of the bit line dis- 
charge. 

[0019] For bit line setup, inverter 104 charges node 
VIRPWR to supply voltage Vcc. Assuming that even- 
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numbered bit lines are selected for programming, a sig- 
nal VBLo is activated to turn on MOSFETs 102o and 
thereby charge the non-selected bit lines (i.e., odd-num- 
bered bit lines) to supply voltage Vcc. (Gate selection 
signal VBLe remains deactivated during bit line setup if 5 
even-numbered bit lines are selected for programming.) 
After completing a programming operation, node VI RP- 
WR goes to OV, and signals VBLe and VBLo are both 
activated to tum on all MOSFETs 1 02o and 1 02e, there- 
by discharging all the bit lines to OV. 
[0020] As circuit density, data access rates, and re- 
quired charging and discharging capacities increase, bit 
line setup and bit line discharge cause more noise in the 
power supply voltages Vcc or the ground voltage. In par- 
ticular, the rapid switching when driving virtual power 
node VIRPWR to supply voltage Vcc or ground creates 
a large transient noise peak. Such noise concerns are 
likely to worsen as the memory circuit densities increase 
since the bit line setup raises half of the bit lines (the 
even-numbered or the odd-numbered) to supply voltage 
Vcc before programming. Further, discharging bit lines 
to ground (OV) in the worst case discharges alt of bit 
lines after programming. 

SUMMARY 

[0021 ] I n accordance with the invention , disclosed cir- 
cuits and methods reduce the power and ground noise 
that occur when charging bit lines up to supply voltage 
Vcc or discharging the bit lines to ground (OV). In par- 
ticular, one embodiment of the invention is a NAND 
EEPROM having a shielded bit line architecture. This 
NAND EEPROM has a virtual power node that is con- 
nected to bit lines for charging or discharging of the bit 
lines, A PMOS pull-up transistor and an NMOS pull 
down transistor connect to the virtual power node, and 
a control circuit for charging or discharging bit lines con- 
trols the gate voltages of the PMOS pull-up transistor 
and the NMOS pull-down transistor to limit peak current 
when charging or discharging bit lines. In particular, the 
control circuit operates the PMOS or NMOS transistor 
in a non-saturation mode to limit current. One such con- 
trol circuit creates a current mirror or applies a reference 
voltage to control gate voltages. 
[0022] One programming operation in accordance 
with the invention sets up bit lines by pre-charging un- 
selected bit lines via the virtual power node and the 
PMOS pull-up transistor having controlled gate voltage. 
Latches in the programming circuitry of the EEPROM 
charge or discharge selected bit lines according to re- 
spective data bits being stored. At the end of the pro- 
gramming operation, all of the bit lines are discharged 
via the virtual power node and the NMOS pull-down 
transistor, which then has a controlled gate voltage. 
[0023] Another bit line setup includes two stages. The 
first stage pre-charges all bit lines via the virtual power 
node and PMOS puli-up. The second stage uses the 
latches in a page buffer to discharge or leave charged 



the selected bit lines depending on respective data bits 
being stored. The gate voltages of NMOS transistors in 
the programming circuitry that connect the page buffer 
to the bit lines can be controlled to reduce noise caused 
by discharging selected bit lines through the latches. 
[0024] Yet another embodiment of the invention is a 
non-volatile memory device such as a NAND flash EEP- 
ROM having a shielded bit line architecture. The non- 
volatile memory device includes an array of memory 
cells and a bit line bias circuit. The array of memory cells 
includes bit tines coupled to memory cells in respective 
columns of the array and word lines coupled to the mem- 
ory cells in respective rows of the array. The bias circuit 
is coupled to the bit lines and includes a switch and a 
control circuit. The control circuit operates the switch to 
limit peak current drawn when simultaneously changing 
the voltage on a set of the bit lines. 
[0025] In one embodiment, the switch includes a first 
PMOS transistor coupled between a supply voltage and 
a virtual power node and/or a first NMOS transistor cou- 
pled between a ground and the virtual power node. A 
connecting circuit selectably connects the virtual power 
node to even and odd bit lines. In another embodiment, 
the bias circuit includes NMOS transistors that are be- 
tween the bit lines and respecth^e latches in a page buff- 
er for the memory devtee. 

[0026] The control circuit controls the gate voltage of 
the PMOS and/or NMOS transistors. In particular, the 
control circuit can bias a PMOS transistor to conduct 
less than a saturation current to control current when 
charging bit lines, tum on the PMOS transistor to main- 
tain the charged state of the bit lines, and turn off the 
PMOS transistor for discharging of the bit lines. Similar- 
ly, the control circuit can bias an NMOS transistorto con- 
duct less than a saturation current to control current 
when discharging bit lines, turn on the NMOS transistor 
to maintain the discharged state of the bit lines, and turn 
off the NMOS transistor for charging of the bit lines. Ac- 
cordingly, the non-volatile memory device can limit cur- 
rent and reduce noise when a virtual power node is used 
to charge or discharge bit lines or when a page buffer 
discharges bit lines. 

[0027] In one embodiment, the control circuit in- 
cludes: an output terminal connected to the gate of the 
first PMOS transistor; sources of a reference voltage, 
the supply voltage, and a ground voltage; and a switch 
circuit operable to connect any of the reference voltage, 
the supply voltage, and the ground voltage to the output 
terminal. The source of the reference voltage can in- 
clude a second PMOS transistor and a second NMOS 
transistor connected in series between the supply volt- 
age and the ground voltage. A gate and a drain of the 
second PMOS transistor are connected together and 
provide the reference voltage, and when the switch cir- 
cuit operates to connect the reference voltage to the out- 
put terminal, current through the first PMOS transistor 
mirrors a current through the second PMOS transistor. 
[0028] Another exemplary embodiment of the Inven- 
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tion is a nonvolatile memory including a cell array, a vir- 
tual power node and a connecting circuit. The connect- 
ing circuit controls connections of the virtual power node 
to bit lines in the cell array for charging or discharging 
of the bit lines then connected to the virtual power node. 
A PMOS transistor, an NMOS transistor, and a control 
circuit control the current flowing through the virtual 
power node. The PMOS transistor is coupled between 
the virtual power node and a supply voltage, and the 
NMOS transistor Is coupled between the virtual power 
node and a ground. The control circuit applies a first con- 
trol signal to a gate of the PMOS transistor and a second 
control signal to a gate of the NMOS transistor. 
[0029] One embodiment of this control circuit includes 
a first switch coupled between a source of a first refer- 
ence voltage and a first node for output of the first control 
signal. When the first switch is activated, the first control 
signal is at the first reference voltage, and the first ref- 
erence voltage applied to the gate of the PMOS transis- 
tor causes the PMOS transistor to conduct a non-satu- 
ration current. 

[0030] The control circuit typically further includes a 
second switch coupled between a source of a second 
reference voltage and a second node for output of the 
second control signal. When the second switch is acti- 
vated, the second control signal is at the second refer- 
ence voltage, and the second reference voltage applied 
to the gate of the NMOS transistor causes the NMOS 
transistor to conduct a non-saturation current. 
[0031 ] The control circuit may further include first and 
second pairs of series-connected transistors. The first 
pair of transistors is connected in series between the 
supply voltage and ground, with the first node being be- 
tween the transistors in the first pair. The second pair of 
transistors is connected In series between the supply 
voltage and ground, with the second node being be- 
tween the transistors in the second pair. Turning on one 
of the transistors in either pair can set the first and sec- 
ond control signals at ground or the supply voltage to 
maintain the virtual power node as required for charging 
or discharging of bit lines. 

[0032] This embodiment of the non-volatile memory 
may further include: a page buffer; a plurality of NMOS 
transistors coupled between the page buffer to the bit 
lines of the cell array; and a control circuit. The control 
circuit operates the NMOS transistors to conduct a non- 
saturation cun-ent when the page buffer discharges one 
or more of the bit lines. 

[0033] Another embodiment of the invention is a pro- 
gramming method for a non-volatile memory. The pro- 
gramming method includes pre-charging bit lines to a 
first voltage by operating a switch that is between the 
first voltage and the bit lines and thereby limiting peak 
current flowing through the switch to the plurality of bit 
lines. Applying a second voltage to a selected word line 
programs one or more selected memory cells coupled 
to the selected word line, but the first voltage remaining 
on one of the bit lines prevents programming of a mem- 



ory cell coupled to that bit line and the selected word 
line. Typically, the switch comprises a transistor and op- 
erating the switch comprises controlling the transistor to 
conduct less than a saturation current, for example, by 

5 connecting the transistor into a current mirror circuit that 
limits the current through the transistor. 
[0034] The pre-charging can charge all bit lines or just 
the unselected bit lines. When just the unselected bit 
lines are charged, latches in a page buffer for the mem- 

10 ory charge or discharge selected bit lines according to 
con-esponding data bits to be written. When pre-charg- 
ing charges all bit lines, the page buffer only needs to 
discharge or maintain the charged state of selected bit 
lines according to the data bits being written. When the 

15 only currents through the latches are discharging bit 
lines to ground, the gate voltages of NMOS transistors 
connecting the latches to the bit lines can control the 
current and reduce noise caused by current through the 
latches. 

[0035] Yet another embodiment of the invention Is 
programming method that includes: pre-charging se- 
lected bit lines and unselected bit lines to a first voltage 
using current through a PMOS transistor that has a gate 
voltage controlled to limit current flow to the selected 
and unselected bit lines. The unselected bit lines are in- 
terieaved among the selected bit lines. After pre-charg- 
ing, the programming method further includes discharg- 
ing at least some of the selected bit lines to correspond- 
ing data latches through a plurality of NMOS transistors 
that are between the selected bit lines and the data 
latches. Gate voltages of the NMOS transistors are con- 
trolled to limit current through the NMOS transistors dur- 
ing the discharging. Applying a second voltage to a se- 
lected word line programs one or more selected memory 
cells coupled to the selected word line, but the first volt- 
age remaining on one of the bit lines prevents program- 
ming of a memory ceil coupled to that bit line and the 
selected word line. 



[0036] Fig. 1 shows a conventional NAND flash EEP- 
ROM. 

[0037] Fig. 2 shows a NAND flash EEPROM in ac- 
45 cordance with an embodiment of the invention. 

[0038] Figs. 3A and SB are circuit diagrams of control 
circuits suitable for use in the NAND flash EEPROM of 
Fig. 2. 

[0039] Fig. 4 is a circuit diagram of a reference voltage 
50 generator. 

[0040] Fig. 5 is a circuit diagram of a variation of the 
control circuit of Fig. 3A. 

[0041] Fig. 6 is a timing diagram of a programming 
operation in the NAND flash EEPROM of Fig. 2. 
55 [0042] Fig. 7 is a circuit diagram of a sensing and latch 
circuit in accordance with an embodiment of the inven- 
tion. 

[0043] Fig. 8 is a timing diagram of an alternative pro- 
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gramming operation In the NAND flash EEPROM of Fig. 
2. 

[0044] Use of the same reference symbols In different 
figures indicates similar or identical items. 

DETAILED DESCRIPTION 

[0045] In accordance with an aspect of the present in- 
vention, transistors biased to conduct less than a satu- 
ration current can reduce noise in supply and ground 
voltages by reducing the peak currents during charging 
or discharging of bit lines for a programming operation. 
[0046] Fig. 2 shows a NAND flash EEPROM 200 ac- 
cording to an embodiment of the invention that reduces 
the peak current when charging or discharging bit lines. 
NAND flash EEPROM 200 includes a cell array 110, 
which can be a conventional NAND array such as de- 
scribed above in regard to Fig. 1 , In particular, cell array 
1 1 0 includes NAND strings 1 1 2 attached to bit lines BLO 
to BLN. Although Fig. 2 shows only a single NAND string 
112 coupled to each bit line, atypical embodiment would 
have multiple NAND strings coupled to each bit line. 
[0047] Each NAND string 112 includes first and sec- 
ond select transistors ST and GT and M+1 cell transis- 
tors MO to MM, which are connected in series. Each first 
select transistor has a drain coupled to a corresponding 
one of bit lines BLO to BLN and a source coupled to cell 
transistor MO in the associated NAND string 112. The 
first select transistors ST in each row of NAND strings 
112 have gates coupled to a string select line SSL. Each 
second select transistor GT has a drain coupled to celt 
transistor MM in the associated NAND string 112 and a 
source connected to a common source line CSL. The 
second select transistors GT in each row of NAND 
strings 112 have gates coupled to a ground select line 
GSL. 

[0048] Cell array 110 employs a shielded-bit line ar- 
chitecture. In particular, in each row of array 110, the cell 
transistors in NAND strings 112e connected to even- 
numbered bit lines BLO to BL(N-I) fomri one page and 
cell transistors in NAND strings 112o coupled to odd- 
numbered bit lines BL1 to BLN fomi another page. Se- 
lection transistors 1 22e and 1 22o select either an even 
page or an odd page of cell transistors for an access. 
Each word line WLO to WLM connects to cell transistors 
in every NAND string 1 1 2 in a row of NAND strings 1 1 2, 
and activation of a particular word line selects the row 
of array 110 associated with the activated word line. 
[0049] In general, a word line in memory array having 
the shielded-bit line architecture may correspond to 
more than two pages, for example, four pages. In the 
case of four pages per row, an access operation con- 
nects one quarter of the bit lines (i.e., the bit lines asso- 
ciated with the selected page) to sense and latch circuits 
130. Three quarters of the bit lines (i.e., the bit lines as- 
sociated with unselected pages) provide shielding to re- 
duce the effects of coupling capacitance between the 
bit lines. The shielding process for a memory having 



more than two pages per row is substantially the same 
as the shielding process for a memory having two pages 
per row. For ease of description , the example of two pag- 
es per row is more fully described herein. 

5 [0050] While conventional NAND flash memories use 
inverters for charging or discharging a virtual power 
node and bit lines, NAND flash memory 200 employs a 
PMOS transistor 202 with a gate receiving a control sig- 
nal VIRPWRP and an NMOS transistor 204 with a gate 

10 receiving a control signal VIRPWRN. PMOS transistor 
202 charges a node VIRPWR up to supply voltage Vcc, 
and NMOS transistor 204 pulls node VIRPWR down to 
OV. A control circuit 210 generates control signal VIRP- 
WRP, and a control circuit 220 generates control signal 

15 VIRPWRN. 

[0051] Figs. 3A and SB are schematic diagrams of 
embodiments of control circuits 210 and 220 that gen- 
erate control signals VIRPWRP and VIRPWRN, respec- 
tively. 

20 [0052] Refen-ing to Fig. 3A, control circuit 210 in- 
cludes two PMOS transistors 302 and 306, two NMOS 
transistors 304 and 308, and a switch 310. PMOS tran- 
sistor 302 and NMOS transistor 304 are connected in 
series between supply voltage Vcc and ground, and 

25 control signal VIRPWRP Is generated from a output 
node between transistors 302 and 304. PMOS transistor 
306 and NMOS transistor 308 are also connected in se- 
ries between supply voltage Vcc and ground, and the 
gate of transistor 306 is coupled to a node between fran- 
co sisters 306 and 308. Switch 310 controls whether the 
node between transistors 306 and 308 is electrically 
connected to the output node between transistors 302 
and 304. In an exemplary embodiment, switch 310 in- 
cludes a pass gate capable of conducting with minimal 

35 voltage drop at low or high voltage levels. 

[0053] The input signals for control circuit 21 0 include 
three control signals PCTLP, REFCTLP, and NCTLP 
and a reference voltage VREF. Control signal PCTLP is 
applied to the gate of PMOS transistor 302. Control sig- 

40 nal REFCTLP controls switch 31 0, and control signal 
NCTLP is applied to the gate of NMOS transistor 304. 
A circuit such as a state machine (not shown) can acti- 
vate control signals PCTLP, REFCTLP, and NCTLP ac- 
cording to the timing required for programming of mem- 

45 ory cells as described further below. 

[0054] When control signal PCTLP is at a low level, 
PMOS transistor 302 pulls control signal VIRPWRP to 
high level, which turns off PMOS transistor 202 (Fig. 2). 
Alternatively, if control signal NCTLP is at supply voltage 

50 Vcc, NMOS transistor 304 turns on and pulls control sig- 
nal VIRPWRP down to OV, which tums on PMOS tran- 
sistor 202. 

[0055] To reduce a peak current before programming, 
during the bit line setup period when node VIRPWR 
55 goes to supply voltage Vcc from OV, control signals 
NCTLP and PCTLP go to low and high levels, respec- 
tively, and turn off both transistors 302 and 304. Signal 
REFCTLP is activated (e.g., at supply voltage Vcc) to 
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connect the node between transistors 306 and 308 to 
the gate of PMOS transistor 202 (Fig. 2). This configu- 
ration creates a current mirror for which the current 
through PMOS transistor 202 mirrors the cun-ent 
through PMOS transistor 306. Reference voltage VREF, 
which is applied to the gate of NMOS transistor, controls 
the current through series connected transistors 308 
and 306, and accordingly controls the current through 
PMOS transistor 202. The non-saturation current 
through PMOS transistor 202 causes a controlled rise 
in the voltage of node VIRPWR that causes the voltage 
of connected even or odd numbered bit lines to corre- 
spondingly increase. Thus, the current drawn during the 
bit line setup is controlled to avoid sudden peaks, there- 
by reducing the power noise. 

[0056] When the bit lines reach a sufficiently high volt- 
age, control signal REFCTLP is deactivated, and control 
signal NCTLP is activated to supply voltage Vcc, turning 
on transistor 304. Thus, control signal VIRPWRP falls 
to ground voltage (OV), turning on PMOS transistor 202 
to maintain bit lines at the supply voltage Vcc. 
[0057] Referring to Fig. 3B, control circuit 220 in- 
cludes a PMOS transistor 352, an NMOS transistor 354, 
and a switch 360. PMOS transistor 352 and NMOS tran- 
sistor 354 are connected in series between supply volt- 
age Vcc and ground, and control signal VIRPWRN is 
generated from a output node between transistors 352 
and 354. In an exemplary embodiment, switch 360 con- 
trols whether reference voltage VREF is applied to the 
output node between transistors 352 and 354. 
[0058] NMOS transistor 204, which is connected be- 
tween node VIRPWR and the ground, turns on in re- 
sponse to control signal VIRPWRN going to supply volt- 
age Vcc. In particular, when control signal PCTLN is at 
OV, transistor 352 tums on to pull control signal up to 
supply voltage Vcc. This tums on NMOS transistor 204, 
which pulls node VIRPWR down to OV. Altematively, 
when control signal NCTLN is at supply voltage Vcc, 
NMOS transistor 354 turns on and pulls control signal 
VIRPWRN to OV, which tums off NMOS transistor 204 
to maintain node VIRPWR at supply voltage Vcc. 
[0059] To reduce peak currents and system noise dur- 
ing the discharge period, both transistors 352 and 354 
are turned off, and control signal REFGLTN is activated 
so that switch 360 applies reference voltage VREF to 
the output node between transistors 352 and 354. Ac- 
cordingly, control signal VIRPWRN and the gate of 
NMOS transistor 204 are at reference voltage VREF, 
which limits the current through NMOS transistor 204. 
The limited current reduces ground noise that large 
peak current could otherwise cause when simultane- 
ously discharging bit lines. 

[0060] In the exemplary embodiment of the invention 
illustrated in Figs. 3A and 3B, reference voltage VREF, 
which can be carefully controlled using a reference volt- 
age generator, controls the current during the bit line set- 
up period and during the bit line discharge period. Fig. 
4 Is shows an exemplary circuit 400 that Includes a ref- 



erence voltage 410 that generates a reference voltage 
VREFO and a level shifter 420 that converts reference 
voltage VREFO to the reference voltage VREF having 
the desired level. 

s [0061] In reference voltage generator 410, a resistor 
R1 , a resistor R2, an NMOS transistor MN1 , and a re- 
sistor R3 are connected In series between supply volt- 
age Vcc and ground. The gate of transistor MN1 is con- 
nected to a node 41 2 between resistors R1 and R2. An- 

10 other NMOS transistor MN2 Is connected between node 
412 and ground. With this configuration, the reference 
voltage VREFO from the drain of NMOS transistor MN1 
remains constant when supply voltage Vcc or the tem- 
perature vary. 

15 [0062] Level shifter 420 includes a PMOS transistor 
MP1 , a resistor R4, and a resistor R5 that are connected 
In series between supply voltage Vcc and ground. A dif- 
ferential amplifier 422, which controls the gate voltage 
of transistor MP1, has a negative input and a positive 
input connected to respectively receive reference volt- 
age VREFi3 and a voltage from a node between transis- 
tors R4 and R5. Reference voltage VREF thus generat- 
ed from the drain of PMOS transistor MP1 has a level 
that depends on VREFO and the ratio of the resistances 
of resistors R4 and R5. 

[0063] A reference voltage generated by circuit 400 
or by any other suitable reference voltage generator cir- 
cuit can directly control the gate voltages of NMOS or 
PMOS transistors to limit discharging or charging cur- 
rents and avoid peak currents that cause noise. A cur- 
rent mirror circuit as described above can use the same 
reference voltage to generate suitable control voltages 
for PMOS or NMOS transistors of the complementary 
conductivity type. Alternatively, embodiments can us in- 
dependent mechanisms for current control through tran- 
sistors of different conductivity types. For example, Fig. 
5 shows an altemative embodiment of control circuit 
21 0. In Fig. 5, a current source 508 controls the current 
through transistor 306 and through the current mirror 
created during the bit line setup period. A similar and 
independent current mirror circuit can limit the current 
flow during the bit line discharge period. 
[0064] Fig. 6 is a timing diagram illustrating signal lev- 
els during an exemplary programming operation. The 
exemplary programming operation programs cell tran- 
sistors in selected even-numbered NAND strings 11 2e 
and pre-charges odd numbered bit lines B/Lo to supply 
voltage Vcc. The programming operation of Fig. 6 is de- 
scribed herein in the context of NAND flash memory 200 
of Fig. 2 including control circuits 210 and 220 as re- 
spectively illustrated in Figs. 3A and 38. 
[0065] In Fig. 6, a bit line setup period begins at a time 
TO and extends to a time T1 . For charging of the odd 
numbered bit lines 3/Lo, control signals PCTLP RE- 
FCTLP. PCTLN, NCTLN, and VBLo are activated (i.e., 
at supply voltage Vcc). Control signals NCTLP, RE- 
FCTLN, and VBLe remain deactivated (i.e., at OV). As 
a result, control signals PCTLN, NCTLN. and REFCTLN 
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cause transistor 354 in control circuit 220 to pull signal 
VIRPWRN to OV, which shuts off NMOS transistor 204. 
Control signals PCTLP and NCTLP turn off transistors 
302 and 304, and control signal REFCTLP connects 
PMOS transistor 202 in a current mirror circuit including 
transistors 306 and 308. The current through PMOS 
transistor 202, which charges node VIRPWR, is thus 
limited according to the current through transistors 306 
and 308. Signal VBLo turns on transistors 102o, which 
electrically connect node VIRPWR to the odd numbered 
bit lines B/Lo. Accordingly, the odd numbered bit lines 
B/Lo charge up to supply voltages Vcc at a controlled 
rate as does node VIRPWR. This reduces the supply 
voltage noise created by charging the odd bit lines B/Lo 
at an uncontrolled rate. 

[0066] In the program operation of Fig. 6, node VIR- 
PWR does not charge the even numbered bit lines B/Le 
because signal VBLe turns off transistors 1 02e to dis- 
connect node VIRPWR from the even numbered bit 
lines B/Le. During the setup period, page buffer 135 in- 
cluding latch circuits 130 charges even numbered bit 
lines B/Le to levels that depend on the bit values being 
stored in respective cell transistors. In particular, latch 
circuits 130 latch respective input data bits from Y pass 
gates 1 40, and each latch circuit 130 generates an out- 
put signal at a high or low level (supply voltage Vcc or 
OV) if the corresponding input data bit is "1" or "0". For 
the bit line setup period, signals BLST and BLSHFe are 
activate to turn on transistors 1 22e and i 26 and connect 
latch circuits 130 to respective even bit lines. A signal 
BLSHFo remains at a low level to disconnect the odd 
numbered bit lines from sense and latch circuits 130. 
[0067] After the bit line setup period, a programming 
operation extends from a time T1 to a time T2. At time 
T1 , control signal REFCTLP becomes deactivated, and 
control signal NCTLP becomes activated. As a result, 
transistor 304 in control circuit 210 pulls signal VIRP- 
WR P from an intermediate voltage level to OV, and sig- 
nal VIRPWRP turns on PMOS transistor 202. The pro- 
gramming then proceeds in the conventional manner 
well known for NAND flash memory. In particular, a row 
decoding circuit charges select lines SSL and CSL to 
the supply voltage Vcc and charges the selected word 
line to a programming voltage, typically about 1 0V. Dur- 
ing the programming, the combination of the high pro- 
gramming voltage on a word line coupled to a cell tran- 
sistor and a low voltage on the bit line coupled to the 
NAND string containing the cell transistor changes the 
cell transistor from the erased state (representing bit val- 
ue "1 ") to the programmed state (representing bit value 
"0"). 

[0068] After the programming period, a bit line dis- 
charge period extends from time T2 to a time T3. For 
discharging of the even and odd bit lines B/Le and B/Lo, 
control signals PCTLN REFCTLN, VBLe, and VBLo are 
activated (i.e., at supply voltage Vcc). Control signals 
PCTLP, NCTLP, REFCTLP. and NCTLN become or re- 
main deactivated (i.e.. at OV). As a result, control signals 



PCTLP, NCTLP, and REFCTLP cause transistor 302 in 
control circuit 21 0 to pull signal VI RPWRP to supply volt- 
age Vcc, which shuts off PMOS transistor 202. Control 
signals PCTLN and NCTLN turn off transistors 352 and 

5 364, and control signal REFCTLN sets control signal 
VIRPWRN at reference voltage VREF, which limits the 
cun^ent through NMOS transistor 204. Signals VBLe and 
VBLo turn on transistors 1 02e and 102o, which electri- 
cally connect node VIRPWR to the even and odd num- 

10 bered bit lines B/Le and B/Lo. Accordingly, the bit lines 
discharge to OV at a controlled rate as does node VIR- 
PWR. This reduces the ground noise othenwise created 
by simultaneous, uncontrolled discharge of all of the 
lines B/Lo. 

15 [0069] As described above, the bit line setup process 
reduces noise generated from charging of unsetected 
(e.g., odd) bit lines. However, latch circuits 130 in page 
buffer 135 charge the selected (e.g., even) bit lines. In 
the worst case, all data bits are "high", and page buffer 
135 quickly charges about half of the bit lines to supply 
voltage Vcc. This creates a large peak current and sup- 
ply voltage noise that is difficult to reduce. In particular, 
NMOS transistors 126 and 122, which connect the bit 
lines to the latch circuits 1 30 of page buffer 1 35, are not 
well suited for current restriction when charging selected 
bit lines to supply voltage Vcc. Further, adding circuit 
elements (e.g., PMOS transistors) to control the current 
flowing between each latch circuit 130 and the respec- 
tive bit lines would be difficult because the space be- 
tween the bit lines Is narrow in a highly integrated sem- 
iconductor memory. (In contrast, PMOS transistors 202 
are not required to be at the same pitch as the bit lines 
because a common node VIRPWR serves all bit lines.) 
[0070] In accordance with another aspect of the in- 
vention, currents spikes resulting from latch 130 simul- 
taneously charging or discharging bit lines of the select- 
ed page are avoided using a two-part bit line setup op- 
eration and discharging through sensing and latch cir- 
cuit 130. Fig. 7 is a circuit diagram of sense and latch 
circuitry for a single data bit. As noted above, page se- 
lection transistors 122e and 122o connect either an 
even bit line or an odd bit line to a sensing node 720 for 
an access. For a write operation, latch 130 discharges 
the connected bit line only if latch 130 holds a data value 
"0" when signal BLSLT turns on transistor 125. 
[0071] Fig. 8 is a timing diagram of a programming 
operation that reduces supply voltage noise that results 
from latch circuits 130 charging and discharging of se- 
lected bit lines. The programming operation of Fig. 8 us- 
es a bit line setup that includes two parts. During a first 
part, all of the bit lines (even and odd) are charged at a 
controlled rate. During the second part, latch circuits 1 30 
discharge selected bit lines preferably at a controlled 
rate. 

[0072] As shown in Fig. 8, both control signals VBLe 
and VBLo are activated to the supply voltage Vcc during 
the first part SETUP(1 ) of the bit line setup. Accordingly, 
node VIRPWR is electrically connected to all of the bit 
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lines. Additionally, control signals PCTLP, REFCTLP, 
PCTLN, and NCTLN are activated, and control signals 
NCTLP and REFCTLN are deactivated. As described 
above these states for control signals PCTLN, NCTLN, 
and REFCTLN cause transistor 354 i n control circuit 220 
to pull signal VIRPWRN to OV, whbh shuts off NMOS 
transistor 204. Control signals PCTLP and NCTLP turn 
off transistors 302 and 304, and control signal RE- 
FCTLP connects PMOS transistor 202 In a current mir- 
ror circuit including transistors 306 and 308. The current 
through PMOS transistor 202, which charges node VI R- 
PWR, is thus limited according to the current through 
transistors 306 and 308. Signals VBLe and VBLo turn 
on transistors 1 02e and 1 02o, which electrically connect 
node VIRPWR to all bit lines. Accordingly, the bit lines 
all charge up to supply voltages Vcc at a controlled rate 
as does node VIRPWR. 

[0073] During or before the first part of the bit line set 
up, latches 130 can latch data bits from associated data 
lines. In the circuitry of Fig. 7 for example, a precharge 
signal PRE can be activated (low) to precharge node 
720 and latch 130. An enable signal PBENB then disa- 
bles an inverter 732 in latch 130, and Y pass gate 140 
is activated to conduct a data signal from a data line to 
an input terminal of an inverter 734. A latch signal 
LATCH turns off a transistor 738 so that the data signal 
controls the output signal of inverter 734, which is the 
input signal of inverter 732. When the output signal of 
inverter 734 settles, signal PBENB activates inverter 
732. During this time, signal BLSLT keeps transistor 1 26 
off, and Y pass gate 140 is shut off before signal BLSLT 
turns transistor on during the second part SETUP{2) of 
the bit line setup. 

[0074] At the end of the first part SETUP(1 ) of the bit 
line setup, signal REFCTLP is deactivated to disconnect 
PMOS transistor 202 from the current mirror, and signal 
NCTLP is activated to drive signal VIRPWRP to OV and 
fully turn on PMOS transistor 202. 
[0075] Control signal BLSLT is at a low level (OV) dur- 
ing the first part of the setup to shut off NMOS transistors 
126 and disconnect latch circuits 130 from the bit lines. 
During the second part SETUP(2) of the bit line setup, 
the reference voltage VREF is applied to the gate of 
NMOS transistors 126. Signal BLSHFe is activated to 
turn on transistors 122e and connect latch circuits 130 
to respective even bit lines B/Le. (In an alternative pro- 
gramming operation that programmed eel! transistors 
coupled to odd numbered bit lines B/Lo, signal BLSHFo 
would be activated instead of signal BLSHFe.) Similarly, 
control signal VBLe is deactivated during the second 
part SETUP(2) of the bit line setup to shut off transistors 
102e and disconnect the even bit lines B/Le from node 
VIRPWR. 

[0076] All of the bit lines are charged when the second 
part SETUP(2) of the bit line setup starts. Latch circuits 
1 30 discharge the bit lines corresponding to cell transis- 
tors being programmed to store the bit value "0" and 
maintain the charging of bit lines corresponding to cell 



transistors storing the bit value "1". Unlike the case of 
charging bit lines to supply voltage Vcc, NMOS transis- 
tors 1 26 are well suited for controlling the cun-ent when 
discharging the selected bit lines. A control circuit 230, 

s which is similar or identical to control circuit 220, can set 
the reference voltage VREF so that transistors 126 con- 
duct non-saturation currents. (Signals BLSHFe and 
BLSHFo can similarly control the gate voltages of tran- 
sistors 1 22e and 1 220.) With transistors 1 26 limiting the 

10 current, latch circuits 130 do not cause a spike in the 
current. Accordingly, the program operation of Fig. 8 re- 
duces the noise that latch circuits 1 30 might bthenvlse 
create in the supply voltage Vcc or ground. 
[0077] Following the second part of the bit line setup, 

IS the programming operation of Fig. 8 proceeds to pro- 
gram selected cell transistors and discharge all of the 
bit lines in the same manner described above in regard 
to Fig. 6, 

[0078] Although the invention has been described 
20 with reference to particular embodiments, the descrip- 
tion is only an example of the invention's application and 
should not be taken as a limitation. Various adaptations 
and combinations of features of the embodiments dis- 
closed are within the scope of the invention as defined 
25 by the following claims. 



Claims 

30 1 . A non-volatile memory devbe comprising: 

an array of memory cells including bit lines cou- 
pled to memory cells In respective columns of 
the array and word lines coupled to the memory 

35 cells in respective rows of the array; 

a bias circuit coupled to the bit lines, wherein 
the bias circuit comprises a switch and a control 
circuit that operates the switch to limit current 
drawn when simultaneously changing the volt- 

40 age on a set of the bit lines. 

2. The non-volatile memory of claim 1 , wherein: 

the switch comprises a first transistor coupled 
45 between a first voltage and the bit lines; and 

the control circuit controls a gate voltage of the 
first transistor so that during changing of the bit 
lines the gate voltage is less than a supply volt- 
age and more than a ground voltage. 

50 

3. The non-volatile memory of claim 2, wherein: 

the first voltage is a supply voltage; and 
the first transistor is a first PMOS transistor. 

55 

4. The non-volatile memory of claim 3, wherein the 
control circuit comprises: 
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an output terminal connected to the gate of the 
first PMOS transistor; 

sources of a reference voltage, the supply volt- 
age, and a ground; and 
a switch circuit operable to connect any of the 
reference voltage, the supply voltage, and the 
ground to the output temiinal. 

5. The non-volatile memory of claim 4, wherein: 

the source of the reference voltage comprises 
a second PMOS transistor and an NMOS tran- 
sistor connected in series between the supply 
voltage and the ground; and 
a gate and a drain of the second PMOS tran- 
sistor are connected together and provide the 
reference voltage from the gate and the drain 
of the second PMOS transistor, whereby when 
the switch circuit operates to connect the refer- 
ence voltage to the output terminal, current 
through the first PMOS transistor mirrors a cur- 
rent through the second PMOS transistor. 

6. The non-volatile memory of claim 2, wherein: 

the first voltage is a ground; and 

the first transistor Is an NMOS transistor. 

7. The non-volatile memory of claim 2, wherein the 
control circuit operates to select from among a first 
voltage, a second voltage, and a third voltage for 
connection to a gate of the first transistor. 

8. The non-volatile memory of claim 7, wherein: 

the first voltage allows a limited current through 
the first transistor; 

the second voltage turns on the first transistor; 
and 

the third voltage turns off the first transistor. 

9. The non-volatile memory of claim 2, wherein: 

the bias circuit further comprises a second tran- 
sistor coupled between a second voltage and 
the bit lines; and 

the control circuit controls a gate voltage of the 
second transistor so that when discharging the 
bit lines the second transistor conducts a cur- 
rent less than a saturation current of the second 
transistor. 

10. The memory of claim 1 , wherein: 

the bit lines Include even-numbered bit lines 
and odd-numbered bit lines which are inter- 
leaved; and 

the bias circuit limits current drawn when simul- 



taneously changing the voltage on the even bit 
lines and when simultaneously changing the 
voltage on the odd bit lines. 

5 11. The non-volatile memory of claim 1, wherein the 
non-volatile memory is a NAND type Flash memory. 

12. The non-volatile memory of claim 1 , wherein: 

10 the switch comprises a first transistor coupled 

between a first voltage and the bit lines; and 
the control circuit controls a gate voltage of the 
first transistor so that during charging of the bit 
lines the transistor conducts a current that mir- 

15 rors a reference current. 

13. The non-volatile memory of claim 1, further com- 
prising a page buffer coupled to the bit lines via the 
bias circuit. 

20 

14. A non volatile memory comprising: 

a cell array; 

a virtual power node; 

25 a connecting circuit that controls connections 

of the virtual power node to bit lines in the cell 
array for charging or discharging of the bit lines 
then connected to the virtual power node; 
a PMOS transistor coupled between the virtual 

30 power node and a supply voltage; 

an NMOS transistor coupled between the virtu- 
al power node and a ground; and 
a control circuit coupled fo apply a first control 
signal to a gate of the PMOS transistor and ap- 

3s ply a second control signal to a gate of the 

NMOS transistor. 

15. The non-volatile memory of claim 14, wherein: 

^0 the control circuit comprises a first switch cou- 

pled between a source of a first reference volt- 
age and a first node for output of the first control 
signal; 

when the first switch is activated, the first con- 
^5 trol signal is at the first reference voltage; and 

the first reference voltage applied to the gate of 
the PMOS transistor causes the PMOS transis- 
tor to reduce peak current. 

so 16. The non-volatile memory of claim 15, wherein: 

the control circuit further comprises a second 
switch coupled between a source of a second 
reference voltage and a second node for output 
55 of the second control signal; 

when the second switch is activated, the sec- 
ond control signal is at the second reference 
voltage; and 
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the second reference voltage applied to the 
gate of the NMOS transistor causes the NMOS 
transistor to conduct a non-saturation current. 

17. The non-volatile memory of claim 16, wherein the 
source of the first reference voltage comprises: 

a second PMOS transistor having a source 
coupled to the supply voltage and a gate and a 
drain connected together, the first reference 
voltage being output from the gate of the sec- 
ond PMOS transistor; and 
a second NMOS transistor having a drain cou- 
pled to the drain of the second PMOS transistor, 
a source coupled to ground, and a gate coupled 
to receive the second reference voltage. 

18. The nonvolatile memory of claim 16, wherein the 
control circuit further comprises: 

a first pair of transistors connected in series be- 
tween the supply voltage and ground, wherein 
the first node is between the transistors in the 
first pair; and 

a second pair of transistors connected In series 
between the supply voltage and ground, where- 
in the second node is between the transistors 
in the second pair. 

19- The non-volatile memory of claim 14, wherein: 

the celt array comprises a first plurality of bit 
lines and a second plurality of bit lines, wherein 
bit lines in the first plurality are interleaved with 
bit lines in the second plurality; and 
the connecting circuit comprises a first plurality 
of transistors connected between the virtual 
power node and the first plurality of bit lines, 
and a second plurality of transistors connected 
between the virtual power node and the second 
plurality of bit lines. 

20. The non-volatile memory of claim 14, further com- 
prising: 

a page buffer; 

a plurality of NMOS transistors coupled be- 
tween the page buffer to the bit lines of the cell 
array; and 

a control circuit coupled to operate the NMOS 
transistors to conduct a non-saturation current 
when the page buffer discharges one or more 
of the bit lines. 

21. A programming method for a non-volatile memory, 
comprising: 

pre-charging a plurality of bit lines to a first volt- 



age, wherein the pre-charging comprises oper- 
ating a switch that is between a supply voltage 
and the plurality of bit lines to limit peak current 
flowing through the switch to the plurality of bit 
5 lines; and 

applying a second voltage to a selected word 
line to program one or more selected memory 
cells coupled to the selected word line, wherein 
the first voltage remaining on one of the bit lines 
prevents programming of a memory cell cou- 
pled to that bit line and the selected word line. 

22. The method of claim 21 , wherein the switch com- 
prises a transistor and operating the switch com- 

is prises controlling the transistor to conduct less than 
a saturation current of the transistor. 

23. The method of claim 21 , wherein the switch com- 
prises a transistor and operating the switch com- 

20 prises connecting the transistor into a current mirror 
circuit that limits the current through the transistor. 

24. The method of claim 21, wherein the pre-charging 
charges alt bit lines that are connected to memory 

25 cells that are connected to the selected word line. 

25. The method of claim 24, further comprising dis- 
charging a selected set of the bit lines, the selected 
set of bit lines being bit lines connected to memory 

30 cell to be programmed. 

26. The method of claim 25, wherein discharging com- 
prises operating a transistor that conducts a current 
from the selected bit lines so that the transistor con- 

35 ducts less than a saturation current of the transistor. 

27. The method of claim 21 , wherein the pre-charging 
comprises only charging unselected bit lines. 

40 28. The method of claim 21 , wherein the first voltage is 
less than the supply voltage. 

29. A programming method for a non-volatile memory, 
comprising: 



45 

pre-charging selected bit lines and unselected 
bit lines in an array to a first voltage using cur- 
rent through a PMOS transistor having a gate 
voltage controlled to limit current flow to the se- 
50 lected and unselected bit lines, wherein the un- 

selected bit lines are Interleaved among the se- 
lected bit lines; 

discharging some of the selected bit lines to 
corresponding data latches through a plurality 
55 of NMOS transistors that are between the se- 

lected bit lines and the data latches, wherein a 
gate voltage of the NMOS transistors are con- 
trolled to limit current through the NMOS tran- 
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sistors during the discharging; and 
applying a second voltage to a selected word 
line to program one or nnore selected memory 
cells coupled to the selected word line, wherein 
the first voltage rennaining on one of the bit lines 5 
prevents programming of a memory cell cou- 
pled to that bit line and the selected word line. 

30. The method of claim 29, wherein the discharging is 
through transistors bias to conduct less than a sat- io 
uration current for the transistor. 
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